INTRODUCTION
We study experimentaly a source of heat transfer speci¿c to suspensions, that of "shear-induced diffusion", which occurs in suspensions undergoing shear when the motion of the particles due to shear-induced interparticle interactions is much greater than that arising from Brownian motion [1, 2, 3] . We thus con¿ne ourselves to suspensions where the Peclet number is large. This encompasses a wide range of important suspension Àows such as the diffusion of red blood cells in arteries [4, 5] , but also paint and cement in civil engineering as well as a large number of applications in the food [6] and pharmaceutical industries.
To understand more fully the phenomenon of "shearinduced self-diffusion", consider a single marked particle immersed in a viscous suspension of otherwise identical particles undergoing a simple shear Àow (see Fig.  below ). In the absence of any inter-particle interactions, inertial forces, and Brownian-motion effects, the particle will not experience a drift and will simply translate along the streamlines in the Àow. When this particle interacts with the other particles in the suspension, it will suffer a series of displacements normal to the Àuid streamlines which, when taken together, constitute a random walk, see Fig. (1) . This process is akin to the classical Brownian motion except that here the origin of the diffusive motion is not thermal energy (which is negligible) but arises from the large number of interactions between particles. In essence, the particles in the Àuid behave as so many"stirrers". The questions raised are what is the effect of this mixing on the transfer of heat in sheared sus- pensions ? What will be the inÀuence of the particle size, their volume fraction and the applied shear on the heat or mass transfer ?
The paper is organized as follows: we ¿rst describe the experimental set-up and the experimental procedure in section 2. In section 3, we provide results for the effective heat diffusion coef¿cients of a suspension under shear and correlate these results to the particle diffusion coef¿cients. Conclusions and perspectives are drawn in section 4.
EXPERIMENTAL SET-UP
We use a cylindrical Couette-cell device, see Fig. (2) . The speci¿city of this Couette cell is that the inner cylinder is made out of copper and the whole inner surface of the inner cylinder is covered with a heating tape. The experiment consists in heating up the inner cylinder for a short duration ; then we let the temperature relax back to room temperature. Typical temperature curves, obtained at different shear rates, are shown on Fig. 2.b) . The temperature decay rate of the cylinder is related to the heat transfer properties of the surrounding Àuid. From these temperature measurements, we can thus estimate the thermal diffusivity of the surrounding suspension.
The effective heat diffusion coef¿cient is estimated from the wall temperature evolution. We make the following assumptions: i) the suspension behaves as an homogeneous Àuid having the effective heat diffusion coef¿cient D heat , ii) since the ratio of the Couette radius to the gap thickness is rather, we consider the problem to be one dimensional, iii) we neglect the heating time: T w (t = 0) = T max and iv) the suspension is a semi-in¿nite medium. The decay rate of the wall temperature is then given by the heat Àux into the suspension
where ρ w , e w and C p w are the density, the thickness, and the heat capacity of the wall, respectively and k s is the thermal conductivity of the suspension. The heattransfer throughout the suspension being diffusive, the temperature gradient at the wall can be approximated as
where c is a constant of order 1. Using equation 2 and 1, the wall temperature is obtained analytically:
where ρ and C p s are the density and the heat capacity of the suspension, respectively and D heat is the heat diffusivity coef¿cient of the suspension, only adjustable parameter. This expression was used to ¿t the wall temperature measured experimentally.
SIMULATIONS
To capture particle-induced hydrodynamic disturbance and its effect on heat transfer numerically and to compare with experiments, the Navier-Stokes equation for the Àuid is directly solved in sheared suspensions using a lattice Boltzmann method [7, 8] . To investigate the transfer of heat across the suspension, instead of directly solving the advection-diffsion equation on the lattice grid, we used a passive brownian tracer method. Passive brownian tracers are released in the bulk of the the suspension (see Fig. 3 ). These tracers have an intrinsic Brownian diffusion coef¿cient set equal to the thermal diffusivity of the suspension at rest. The tracers are advected by the suspension Àow which solves for the advection diffusion coupling. From their trajectories, it is possible to extract their effective diffusive behavior which accounts for the advection-diffusion coupling. As we are simulating heat transfer, the tracers can penetrate the particles and be carried by them as opposed to the case where we would be simulating mass transfer, in which case the tracers would only be allowed in the Àuid phase.
RESULTS
The temperature evolution of the inner cylinder obtained at different shear rates for a suspension of volume fraction φ = 30% are shown on Fig. 2 .b. The top curve corresponds to the zero shear rate experiment. Then, when increasing the shear rate, the curves stack successively below each other; the larger the shear rate, the faster the temperature decay. The heat diffusion coef¿cient, D heat , is directly estimated by ¿tting Equ. 3 to this set of data for times comprised between 15 and 90s (see the smooth curves on Fig. 2 .b. Fig. 2 .c illustrates the evolution of the suspension effective heat-diffusion coef¿cient as a function of the applied shear rate. Plotting the effective diffusion coef¿-cient, D * (normalized by the heat diffusion coef¿cient of the suspension at rest) as a function of Ú γd 2 , where Ú γ is the shear rate and d is the particle diameter, collapses the data on the same master curve. This suggests that that
Dimensionally, this scaling is expected since the only time scale in the system is the inverse of the shear rate Ú γ, and the relevant length scale is the particle size d.
An imaging system, see Fig. 2 .a), allows the tracking of individual particles. Using the particle trajectories, which are illustrated on Fig. 1 , we estimate the diffusion coef¿cient of the particle in the direction perpendicular to the Àow (also direction of the heat transfer). These results, shown on Fig. (4) , demonstrate the strong correlation between the particle and the effective heat diffusion coef¿cients of the suspension. On this ¿gure, the diffusion coef¿cients are plotted as a function of the suspension volume fraction. For small volume fractions, the diffusion coef¿cients increases linearly as the number of collisions and thus the amount of Àuctuations increases in the system. However, above a volume fraction φ = 40%, the steric frustration causes the particles to organize into layers. By decreasing the particles ability to move around, this crystallization of the system results in a decrease of the particles diffusion coef¿cients and, as a consequence, in the decrease of the effective heat diffusivity.
CONCLUSION
Suspensions of non-Brownian particles Àowing at low Reynolds number exhibit large Àuctuations. The large number of interactions between the particles and the permanent rearrangement of the suspension microstructure confer to the Àow a stochastic component source of mixing. We have shown that this shear-induced diffusion signi¿cantly enhance the diffusion of heat (up to 200 %) and found that the effective thermal diffusion coef¿cient D * ∝ Ú γd 2 /D 0 = P e scales linearly with the thermal Pé-clet number. Numerical simulations based on a passive Brownian tracer technic are in good agreement with the experimental results.
